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Project Overview:  
Goals and Objectives

 Objectives:
 Inject up to 20,000 metric tons of CO2 into 3 vertical CBM 

wells over a one-year period in Central Appalachia
 Perform a small (approximately 300-1000 metric tons)   Huff 

and Puff test in a horizontal shale gas well
 Duration: 4 years, October 1, 2011–September 30, 2015
 Goals
 Test the storage potential of unmineable coal seams and 

shale reservoirs
 Learn about adsorption and swelling behaviors of coal and 

shale (methane vs. CO2)
 Test the potential for enhanced coalbed methane (ECBM)  

and enhanced gas (EGR) production and recovery
 Improve knowledge of unconventional and stacked storage 

systems (coal and shale)



Research Partners
• Virginia Center for Coal and Energy Research (Virginia Tech)
• Cardno Marshall Miller & Associates
• Gerald Hill
• Southern States Energy Board
• Virginia Department of Mines, Minerals and Energy
• Geological Survey of Alabama
• Sandia Technologies
• Det Norske Veritas (DNV)
• Consol Energy (Research Group)

Industrial Partners
• Consol Energy (CNX Gas)
• Harrison‐Wyatt, LLC
• Emory River, LLC
• Dominion Energy
• Alpha Natural Resources

Collaborators
• Schlumberger
• Global Geophysical
• Oak Ridge National 
Laboratory



Phase III
12 months

(10/1/14 – 9/30/15)

•Site closure 
– Conversion of injection 
and monitor wells

– Site restoration

•Post‐injection 
characterization

– Data analysis and 
interpretation

– Post‐injection 
monitoring

– Reservoir modeling

Project Timeline
Phase I
18 months 

(10/1/11 – 3/31/13)

•Characterization 
– Well Logs
– Thickness, structure, 

production
– Core sample analysis
– Modeling

•Injection design
•Monitoring design

– Well locations
– Geophysical surveys

• Go/no go 1: permits, access
(12 months)

• Go/no go 2: characterization
(18 months)

Ongoing: Management and Planning, Risk Analysis and Assessment, Characterization, 
Modeling, Monitoring, Education/Outreach

Phase II
18 months

(4/1/13 – 9/30/14)

•Site preparation 
– Conversion of 
production wells

– Drill monitor wells
– Install additional 
monitor stations

•CO2 injection
(12/01/2013‐11/30/2014)

•Monitoring 
– Atmosphere
– Surface
– Reservoir



CBM Test – Selection Criteria
• CONSOL Operation
• Mineral and Surface Ownership
• Access
• Production
• EUR
• Depletion
• Depth
• Structure
• Continuity
• Regional Seals
• Faulting
• In-Fill Wells
• Perforations, Stimulation and Breakdown (Frac Records)

Decline Curve 
Analysis

Cross-Sections / Seismic 
Interpretation



CBM Injection Test Sites
Russell and Buchanan Counties, VA
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3rd Hydraulic
Fracture Zone

4th Hydraulic
Fracture Zone

2nd Hydraulic
Fracture Zone

1st Hydraulic
Fracture Zone

Injection
Well Monitoring

Well

Monitoring
Well

Russell County ‐ Coal Seams
Stage 4

Greasy Creek 1
Seaboard 2

Lower Seabord 1&2
Lower Seaboard 3

Upper Horsepen 2&3
Stage 3

Middle Horsepen 1
Middle Horsepen 2

Pocahontas 11
Pocahontas 10

Lower Horsepen 1
Lower Horsepen 2

Stage 2
Pocahontas 9

Pocahontas 8-1
Pocahontas 8-2

Pocahontas 7-1A
Pocahontas 7-1B
Pocahontas 7-2
Pocahontas 7-3

Stage 1
Pocahontas 6
Pocahontas 5

Pocahontas 4-1
Pocahontas 4-2
Pocahontas 3-1
Pocahontas 3-4

9.6 m 
(3 ft)

9.8 m 
(3 ft)

9.3 m 
(2.8 ft)

7.6 m 
(2.3 ft)

RU-84
BD114





Shut-in Period with CO2 Injection
mid November  ‘08 – mid May ‘09

Pre CO2 Injection EUR = 319 MMcf

Post CO2 Injection EUR = 534 MMcf

CO2 Injection Decline-Curve Analysis
Phase II Injection Well RU-84 (BD-114)
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Field demonstration in Buchanan County, 
VA
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Cross-Sections 
by Coal Seam
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Virginia Tech CO2 Sequestration Project
Well DD8A Synthetic Seismic Tie to Seismic Reflection Survey

Well 
DD8A

Page 1 of 2
Nominal Page Size 35” x 40”

5000 feet

NW                                                                                                                           SE

DD8A

20,000 feet



(E)CBM Mechanisms 
Coalbed Methane 

Production(i) Dewatering: pressure , effective 
stress , fracture apertures 
permeability 

(ii) CH4 releasematrix shrinkage and 
zero volume change condition, 
fracture apertures  , permeability 


• Net Permeability: 
Competing effects (i)-(ii) 

• Fickian (Diffusion) and Darcy Flow

ECBM
(i) CO2 greater affinity to coal than 

CH4

(ii) When CO2 is adsorbed matrix 
swells; under zero volume 
change condition, fracture 
apertures  , permeability 



CBM and water production trends vs. 
geologic structure

Gas and water 
production over 36 
months for well drilled 
on the anticline (A, B) 
and for wells drilled on 
the syncline (C, D).  
Blue symbols represent 
initial wells and yellow 
symbols represent infill 
wells.  Wells with the 
same symbol (circle, 
square, etc.) belong to 
the same 80-acre 
operational unit.

Water production higher for wells on syncline than wells on anticline.



Modeling Issues:  
Isotherms, Gas Content, 
Permeability, Cleats, Fracture 
development are all variable by 
seam, depth and/or structural 
location 0
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Overview of Reservoir Modeling

• Preliminary Reservoir Modeling – Single Zone
– ARI’s COMET3

• Detailed Reservoir Modeling
– Computer Modeling Group’s GEM Program – By Zone (5)
– Schlumberger’s Eclipse – By Seam (15-20 seams)

• Coupling GEM with FLAC3D for Geomechanical Modeling 



Modeling Methodology
1993

Present

Start of Injection—October 2013

End of Injection—October 2014

Monitoring Period – 1 and 4 Year

Use historical 
CBM production 

data to “fast 
forward” reservoir 

to current stateProject  CBM 
projection 
based on 

decline rates of  
wells Model CO2

injection with 
constant pressure 
or constant flow 

injection 
conditions

Stop CO2
injection and 

determine CO2
plume extent 
and ECBM 
Recovery



5 Zone – History Match of Gas and Water 
Production







Bottom-Hole Constraint equal in each Well



Bottom-Hole Constraint equal in each Well



CO2 Plume by Layer



ECBM after 1 and 4 Years Post-Injection:
22 – 106 MMcf



MVA program for Buchanan County test
Repeated from Russell County test:

• Atmospheric monitoring, Soil Flux, surface water sampling and shallow tracer
detection

• Offset well testing for gas composition (CO2 concentration, tracers, ECBM)
• Injection logging

New components:

• Multiple tracer injections

• 3 monitoring wells by multiple 
zone

• Surface deformation 
measurement

• Tomographic fracture imaging
• Passive measurement of 

seismic energy emissions 
(similar to microseismic
monitoring)



Shale Test – Site Selection
• West Virginia Targets: Lower Huron and Marcellus 

Shale
• Virginia Targets: Lower Huron Shale
• Tennessee Targets: Chattanooga Shale
• Selection Criteria

– Ownership / Access
– Vertical vs. Horizontal
– Co-Mingled Production
– Production
– Depth
– Structure
– Liquids Production
– Completion and Stimulation



Chattanooga Shale Study Area



Chattanooga Shale Well Candidates



Inset from Cross-Section



Chattanooga Shale Thickness Isopach



Chattanooga Shale Structure Map



Shale Test–
Injection and 

Off-set 
Monitoring Well 

Locations



Injection Well – 4 Stage



Off-Set Wells –
9 Stages
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Accomplishments to Date
– Completed Geologic Characterization for CBM Test Site
– Preliminary Geologic Characterization for Shale Test Site
– Site Selection of 3 CBM Wells in VA for Injection
– Site Selection of 1 Horizontal Shale Well in TN for Injection
– Access Agreements for CBM Test completed
– Access Agreements for Shale Test completed
– Conducted Risk Workshop and developed Risk Register
– Performed detailed reservoir modeling analysis and 

assessment for CBM Test
– Performed preliminary reservoir modeling analysis for Shale 

Test
– Developed Drilling, Monitoring and Injection Plans
– Initiated Public Outreach Plan



Summary

– Lessons Learned:  Timing of multiple moving 
parts is extremely important

• Site Selection
• Access Agreements – Landowner/Mineral 

Owner/Operator
• Permitting – UIC Process
• Design

– Future Plans
• Drill Monitoring Wells – October 2013
• Injection!

– Coal Test – 1/1/2014
– Shale Test – 11/1/2013 40
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Benefit to the Program 
• Develop technologies that will support industries’ ability 

to predict CO2 storage capacity in geologic formations to 
within ±30 percent.

• Conduct field tests through 2030 to support the 
development of BPMs for site selection, characterization, 
site operations, and closure practices. 

• The research project is testing the potential for enhanced 
coalbed methane (ECBM)  and enhanced gas (EGR) 
production and recovery

• The technology, when successfully demonstrated, will 
provide guidance for commercialization applications of 
ECBM and EGR
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